U
ntil relatively recently, the role of the scapula in the clinical evaluation and treatment of shoulder and upper extremity disorders has received little attention from clinicians. Most physicians have been trained to diagnose and treat shoulder pathology and dysfunctions in an isolated manner, rather than in the context of the kinetic chain of function. In this instructional course, we hope to raise awareness of the role of the scapula in the kinetic chain, and thus in the normal function of the shoulder, and based on this paradigm, discuss the role of the scapula in shoulder dysfunction and the role of the kinetic chain in the rehabilitation of shoulder disorders.
THE ROLE OF THE KINETIC CHAIN IN SHOULDER FUNCTION
A kinetic chain is a series of links and segments activated sequentially in a coordinated fashion to generate and transmit forces to accomplish a specific function. [1] [2] [3] In activities that involve a throwing motion (e.g., pitching or tennis), there is an open-ended kinetic chain with proximal-to-distal muscle activation and coordination of body segments producing interactive moments at the terminal segment (wrist and hand). 4, 5 In throwing, the sequence of link activation begins with the creation of a ground reaction force as a result of the foot and leg pushing against the ground. The force is dramatically increased as it is transmitted through the knees and hips through the large muscles of the legs, into the lumbopelvic region and the rest of the trunk. The proximal segments, the legs and trunk, produce roughly half of the energy (51%) and force (54%) that is ultimately delivered to the distal end of the kinetic chain. [6] [7] [8] The scapula and glenohumeral joint (shoulder) function as both a link and a segment in the kinetic chain (rather than in isolation), acting to increase the kinetic energy and force generated, and as a conduit to funnel and transmit these forces to the distal segments where the smaller muscles can position the arm and hand to control the throw. 9 This activation sequence allows for proximal stability and distal mobility in the kinetic chain.
The kinetic chain varies with the position and environment in which an activity is being performed. The activities can be generally divided into categories: sitting versus standing and land-based versus waterbased. When an individual reaches, pushes, or pulls from a sitting position, there is less energy and force contribution from the legs, and the primary generator for upper extremity motion is the initiation of trunk stabilization.
In the case of aquatic sports, there are additional considerations that are important in the evaluation of shoulder symptoms and during the process of rehabilitation of shoulder injuries. When throwing in water polo, the player's legs generate some force, but clearly the trunk is required to generate more kinetic energy than when throwing with the feet planted. In swimming, although the legs do help propel the athlete through the water, the base of the kinetic chain for upper extremity motion is clearly the lumbopelvic region, which helps stabilize the scapula. In addition, from the initiation of the pull phase of the freestyle stroke (the catch) to the elevation of the arm out of the water during the recovery, a closed kinetic chain is created, as the hand meets the resistance of the water. 10, 11 Finally, in competitive diving, the arms are used in an open-chain mechanism while the diver is on the board and in the air, with the arms being thrown in both forward and backward directions, depending on the dive, and in a closed mechanism in an inverted position as the diver contacts the water at high speed. 12 Independent of body position or the medium in which the activity is occurring, the coordinated muscle activation sequences result in movement patterns that create joint motions to efficiently accomplish specific tasks. These diagonal activation patterns create a "serape" effect from the knee or lumbopelvic region to the shoulder, 13 act locally on one joint or harmonize several joints, provide cocontraction-force couples that control joint perturbations and provide stability, and generate and transmit force. This allows the scapular stabilizing muscles to position the scapula optimally for shoulder function and for the rotator cuff to compress and position the humeral head in the glenoid fossa.
THE ROLE OF THE SCAPULA IN SHOULDER FUNCTION
The scapula contributes to the function of the shoulder in a number of ways. First, it provides an anatomic and kinematic link between the trunk and arm. Jobe and Pink 14 divide the periscapular muscles into scapular pivoters, glenohumeral protectors, humeral positioners, and propeller muscles. In the classification of Inman et al., 15 the pivoters are the axioscapular group, the protectors and positioners are the scapulohumeral group, and the propellers are the axiohumeral muscles. The scapular pivoters include the serratus anterior, the trapezius, the rhomboids, and the levator scapulae. These large muscles, which function to position the glenoid optimally for the humeral head, attach on the superior, medial, and inferior borders of the scapula. These muscles are so large that different parts of the muscles have different functions around the shoulder depending on the task being performed and the degree of elevation of the scapula. 16 The rotator cuff muscles are the glenohumeral protectors, acting to provide concavity/compression and to fine tune humeral head rotation and depression. These muscles attach on the anterior and posterior surfaces of the scapula. The humeral positioners are made up by the 3 parts of the deltoid, which attach on the spine of the scapula posteriorly, the acromion laterally, and the clavicle anteriorly. The propellers, which include the pectoralis major and the latissimus dorsi, do not attach to the scapula; rather, they attach from the torso to the humerus. This classification, which describes the functional periscapular anatomy from proximal to distal, allows the practicing physician and therapist to think conceptually about muscle activation sequencing in the framework of the kinetic chain, which is particularly helpful in the process of functional rehabilitation.
The scapular stabilizing muscles function as force couples to control the motions of the scapula. The serratus anterior controls the movements of protraction and retraction (abduction and adduction), depending on shoulder position. 16 This is balanced by the upper and lower trapezius and the rhomboids, which act as retractors (adductors). Scapular elevation is a function of the upper trapezius, the levator scapula, and the upper serratus anterior. This is balanced by the scapular depression resulting from the function of the lower portions of the trapezius and serratus anterior. 15, 17, 18 Kinematically, the shoulder is an important link between the trunk and arm, providing a stable platform for arm rotation during throwing. It consists of 2 individual but paired mechanisms. 19 The first is a closed-chain mechanism consisting of the scapula, clavicle, and thorax, i.e., the sternoclavicular, acromioclavicular, and the scapulothoracic joints. The second, an open-chain mechanism, consists of the scapula and humerus, i.e., the glenohumeral joint. The smooth, coordinated, synchronous interaction between these 2 mechanisms during elevation of the upper extremity has been referred to as scapulohumeral rhythm. 20 The second function of the scapula is to provide a stable socket for the articulation of the humeral head. The scapula moves in a coordinated fashion with the humerus, much the way a seal balances a ball on its nose. 21 The protraction, retraction, elevation, and depression that occur keep the instant center of rotation of the humeral head within 30°of the scapular plane in flexion and extension, in the "safe zone." 11 This allows for maximum concavity/compression by the rotator cuff to stabilize the glenohumeral joint while at rest, 22 and allowing for mobility without compromising stability. 11, 23 The third function of the scapula is to create adequate space for the clearance of the rotator cuff during elevation of the upper extremity. Retraction and depression of the scapula that result from the activation of the upper and lower trapezius, rhomboids, and lower part of the serratus anterior, allow for "tipping," or posterior tilting of the acromion, increasing the subacromial space, and consequently making room for the greater tuberosity as the arm is raised. 24 Conversely, excessive scapular protraction is associated with "antetilting," which has been associated with subacromial impingement syndrome. 25 Patients with protracted scapulae will commonly assume a position of lumbar lordosis during elevation of the arm as an adaptive mechanism to accomplish their goal.
THE ROLE OF THE SCAPULA IN SHOULDER DYSFUNCTION
Scapular dysfunction occurs as a result of alterations in anatomy, physiology, and/or biomechanics, or musculoskeletal adaptations to these aberrations (Table 1) . When the basic problem occurs proximal and posterior to the glenohumeral joint, the observed scapular dyskinesis is considered proximally derived (PDSD). When an abnormality of the glenohumeral joint, subacromial space, clavicle, acromioclavicular, or sternoclavicular joints occurs, the resulting dyskinesis that is usually observed is considered distally derived (DDSD). In the context of the kinetic chain, PDSD is associated with proximal link or segment weakness or interruption, whereas distally derived dyskinesis is the result of "recoil" or "kick back" from a distal link or segment dysfunction. This has important implications in the treatment of shoulder and upper extremity conditions, and thus it is important for the clinician to make every attempt to identify the causes of scapular dyskinesis.
PDSD is frequently associated with postural dysfunction. The classic presentation is that of the patient who sits or stands with the head and neck in a forward position, with focal cervical lordosis (usually at C5-C6), thoracic kyphosis and protracted scapulae 26 (Fig  1) . Lumbar lordosis with poor control of the abdominal musculature is frequently associated. Proximal kinetic chain weakness can be due to abnormalities of the lower extremities or lumbopelvic, lumbar, or thoracolumbar deficits. Lumbopelvic weakness appears to be one of the most common causes of primary scapular dyskinesis in the throwing athlete. 13 Injury to either the long thoracic nerve or spinal accessory nerve causes weakness and atrophy of the serratus anterior and trapezius, respectively. Long thoracic stretch mononeuropathy is actually more common in overhead athletes than previously thought (H. Smith, personal communication, October 1999). When these muscles are compromised either from neurologic interruption or fatigue, force-couple imbalances ensue, and a significant adverse cascade of events occurs: proprioception is altered and a dyssynchronous muscle firing pattern occurs resulting in an abnormal increase in scapular mobility and subsequent increased stress on the glenohumeral joint capsule, glenoid labrum, and rotator cuff. 11, [27] [28] [29] As indicated earlier in the discussion on the role of the scapula as a kinematic link between the trunk and the arm, optimum rotator cuff activation occurs only in the presence of a scapula that is optimally positioned for stability. 30 As a result, there are increased intrinsic joint loads and decreased force delivered to the terminal segment. 4 DDSD is very common. Almost all shoulder pathology is associated with alterations in the ability to position the scapula properly, usually quite early in the pathologic process. 8, 25, 27, [31] [32] [33] [34] [35] [36] [37] [38] Related intra-articular pathology may include labral tears or detachments and capsular attenuation or tears (with resultant instability), focal capsular restrictions such as glenohumeral internal rotation deficit (GIRD, commonly seen in overhead athletes), biceps lesions, adhesive capsulitis, and glenohumeral arthritis. Rotator cuff tendonitis and tears, primary impingement syndrome, and calcific tendonitis have been associated with scapular malposition. In these cases, the pain associated with the pathology causes inhibition of the serratus anterior and lower trapezius, with the subsequent events outlined earlier. This results in a vicious cycle of scapular dysfunction and shoulder pathology. 39 Loss of the normal strut function of the clavicle as a result of a displaced, malunited, or ununited fracture, or higher-degree acromioclavicular joint dislocation, is commonly associated with dyskinetic scapular motion. The pain associated with arthrosis or arthritis of the acromioclavicular or sternoclavicular joint can also cause compromise of the periscapular muscle firing patterns.
In many cases in which shoulder symptoms are chronic, especially glenohumeral instability, glenohumeral internal rotation deficit, and rotator cuff tendon failure, it is difficult to determine whether the scapular dyskinesis was instrumental in causing the intra-articular and/or subacromial pathology or vice versa. Over time, there is a significant overlap due to the cyclic nature of the interaction between the segments of the kinetic chain. The differentiation between PDSD and DDSD is made by clinical evaluation, selective injections, and response to rehabilitation. If a diagnosis of DDSD is made and the patient does not respond to functional rehabilitation techniques or specific local injections, then surgical intervention is usually required to correct the underlying pathoanatomy to restore the integrity of the kinetic chain. In PDSD, surgical intervention is usually not necessary because most patients respond to rehabilitative correction of posture and weaknesses in the kinetic chain. However, it is important that all causes of scapular dyskinesis be treated and corrected to restore normal shoulder function.
PHYSICAL EXAMINATION OF THE SHOULDER
Examination of the shoulder should be performed in the context of the kinetic chain in order to elucidate functional deficits that are related to pathoanatomy, pathophysiology, or pathomechanics. It is important to be complete and specific about the core diagnosis, i.e., the primary diagnosis that may be causing secondary symptoms. For example, many cases of biceps or rotator cuff tendonitis may be caused by either instability due to capsular laxity or abnormal scapular mechanics. To accomplish this, the clinician must take an accurate history, evaluating alterations in local and distant anatomy, scapular mechanics, and kinematics of the entire kinetic chain.
While discussing the clinical history, the patient's posture should be observed, including the position of the head and neck, trunk, and shoulders. Applying an axial load on the top of the shoulders as the patient attempts to prevent accentuation of lumbar lordosis further assesses postural alignment. Lumbopelvic strength and stability are evaluated with a modified Trendelenberg test, wherein the patient is asked to demonstrate the ability to balance and squat standing on each leg independently. Trunk strength is determined by having the supine patient lower each leg from an elevated position while attempting to prevent lumbar lordosis.
Scapulohumeral rhythm is observed from the back as the patient slowly raises and lowers the arms in abduction and flexion. In this way concentric and eccentric function of the scapular stabilizers can be assessed. Weakness during the eccentric phase is frequently seen. Three distinct patterns of scapular dys-kinesis have been observed. 40 In type I, the winging occurs at the inferior medial border, in type II the entire medial border is involved, and in type III the superior medial border is prominent. To date, no reproducible association has been shown between specific shoulder pathologic diagnoses and specific dyskinesis patterns. To some extent this is because of the variability of the patterns with muscle fatigue and pain at the time of the evaluation. Glenohumeral range of motion is observed from this perspective so that abnormal movements of the scapula during internal and external rotation at 90°of abduction can be documented. If pain is elicited during abduction or forward flexion, the examiner attempts to correct the problem by substituting for the lower trapezius while inhibiting the upper trapezius. This scapular assistance test (SAT) is considered positive if the pain is eliminated or significantly reduced by this maneuver and is felt to be indicative of proximally derived scapular dyskinesis (PDSD) with secondary subacromial impingement. 8 Kibler 9 has used the lateral scapular slide as a static measurement of scapular positioning. This involves measuring the side-to-side difference from the spinous process of the seventh thoracic vertebra to the inferomedial border of the scapula in 3 different positions. Position 1 is with the arms at the side, position 2 with the hands on the pelvic rim, and position 3 with the arms in 90°of abduction with the shoulders internally rotated and the forearms pronated. A difference of 1.5 cm is considered to be clinically significant.
Isolated manual muscle testing of the rotator cuff is carried out with resisted external rotation in adduction and 90°of abduction for the infraspinatus and teres minor, resisted elevation in the scapular plane for the supraspinatus, and the Napoleon test for the subscapularis. 41 If there is significant weakness with or without associated pain, the appropriate test is repeated with the scapula repositioned. One of us (B.D.R.) has the patient actively retract and depress the scapula, whereas the other (W.B.K.) positions the scapula for the patient. If the strength is improved and/or the pain decreased, this represents a positive scapular retraction test (SRT). This corrective test is frequently considered to be consistent with PDSD.
Lesions of the superior labrum have been somewhat more difficult to diagnose based on clinical evaluation. In the hands of the authors, the active compression test described by O'Brien et al. 42 and the anterior slide test described by Kibler 43 have been useful in differentiating between SLAP lesions and other pathologic entities. Recently, one of us (B.D.R.) has been using a passive distraction test (PDT) to assess the integrity of the superior labral attachment to the glenoid (Fig 2) . In this test, the patient is placed in the supine position with the shoulder off the examining table, the arm is flexed overhead in the plane of the trunk with the elbow extended, and the forearm is held in neutral or slight supination. The forearm is gently pronated without rotating the humerus. If pain is elicited, it is felt to represent a positive test for a SLAP lesion. If asked, the patient will frequently indicate with accuracy the anterior or posterior location of the lesion. Arthroscopic observation of a "peel back" of the superior labrum from the glenoid during this maneuver seems to support the validity of this test.
Labral pathology is diagnosed by assessing clicks and grinds associated with rotation and capsular loading, joint-line palpation, modified Jobe relocation test (apprehension suppression test), and the Mayo shear Evaluation of capsular laxity and instability is performed with load and shift testing in the anterior, posterior, and inferior directions with varying degrees of rotation and elevation. Anterior and posterior apprehension, apprehension suppression, and pain associated with relocation testing are noted. The authors differ somewhat in the position in which they evaluate for instability. One of us (W.B.K.) performs his stress tests in the upright and supine positions and the other (B.D.R.) assesses the capsule and labrum in the seated and lateral decubitus positions. The information gleaned from these tests is essentially the same, and the different positions of evaluation merely reflect the comfort level of the examiner with his tests. The examiner should remember that capsular laxity varies with age, chosen activity or sport of the patient, temporal relationship with last workout, and in some cases, arm dominance. Normal variances in capsular laxity must be borne in mind, as documented by Harryman et al., 44 who reported anterior and posterior translation of almost 8 mm both anteriorly and posteriorly in asymptomatic volunteers.
GUIDELINES FOR CORE-BASED FUNCTIONAL REHABILITATION
Throughout the rehabilitation process, the principles of functional rehabilitation must be followed: proximal stability must be regained or acquired before distal mobility is sought. In all cases, the focus must be on scapular position and control, with tightened abdominal muscles holding the spine in a neutral position, and correct postural alignment. It is important for the patient to be able to identify and isolate the specific muscle to be strengthened; however, muscle groups should be trained in a coordinated, synchronous pattern to re-establish the force couples for scapular stabilization and elevation in order to control pain, decrease subacromial impingement, and facilitate muscle re-education. Based on numerous neuromuscular and electrophysiologic studies, [49] [50] [51] [52] [53] we have incorporated the principles of contralateral therapy and cross-education to stimulate the specific motor groups on the affected side.
Exercises should be relatively pain free. It is difficult to progress a painful joint. Pain during rehabilitation is a sign that either the wrong exercise is being done for that time in the recovery process or it is being done improperly. The physician and therapist should always remember that learning speed and neuromuscular control differ among patients. It is preferable to have the patient do "a little bit frequently" rather than overloading the muscle groups. It is more important that patients progress steadily than that they reach landmarks at specific times.
The quality of the exercise is more important than the quantity being performed. The patient should focus more on muscle control than the number of repetitions being performed. Exercises should be done until the muscles fatigue, which is when mechanics become abnormal, rather than completing a specified number of sets and repetitions. Progression from submaximal to maximal effort over the course of the program is desirable. The preferred progression in strengthening is isometric to eccentric to concentric training. Closed-chain precede open-chain exercises. As more exercises are added, the easier ones should be eliminated to prevent boredom on the part of the patient.
PHASES OF REHABILITATION
The principles of functional rehabilitation outlined above are the basis for the development of phases of the rehabilitative process. For many orthopaedic surgeons, a rehabilitation program with temporally based sequential phases is more familiar and easier to conceptualize. 45 The protocol of Kibler has been modified by dividing the recovery phase into early and late segments to allow for the varied goals during this prolonged period of rehabilitation. 47 To assist clinicians in transitioning to the relatively new paradigm of functional rehabilitation, what follows is a description of phases that correlate the acquisition of function with temporal sequencing that is currently being used by one of us (B.D.R., see Appendix). However, it should be remembered that in all cases progression is based on the acquisition of function rather than time.
Acute Phase
The acute phase is relatively short, with the goals being quite generalized. During this phase, which in the postoperative patient is from approximately 1 to 3 weeks, the goals are to (1) control pain and inflammation with immobilization, modalities, analgesics, and nonsteroidal anti-inflammatory drugs; (2) clear soft-tissue restrictions and postural abnormalities with soft-tissue mobilization and stretching; (3) begin muscle (re)education with postural and core strengthening, including lumbopelvic stabilization, scapular positioning (retraction and depression), and closed-chain rotator cuff exercises; and (4) begin active and activeassisted range of motion exercises, usually in the scapular plane and/or forward flexion.
The advancement criteria from the acute to the early recovery phase include (1) minimal pain on range of motion, (2) reasonable lumbopelvic strength, (3) adequate scapular control, (4) adequate soft-tissue healing, and (5) adequate release of soft-tissue restrictions.
Early Recovery Phase
The recovery phase is usually quite prolonged, and the goals and techniques quite variable. For this reason, we have found it useful to divide this into early and late periods. In the early recovery phase, which commonly lasts from 3 to 6 weeks postoperatively, the goals are to (1) increase range of motion and flexibility with passive range of motion and joint mobilization as well as active-assisted and active range of motion; (2) increase strength, control, and endurance with specific exercises outlined in the Appendix; and (3) restore more normal kinematics. To advance to the next phase, the patient should have (1) pain-free range of motion, (2) almost full range of motion and flexibility, (3) improved strength and control, and (4) improved kinematics.
Late Recovery Phase
In the late recovery phase, which usually extends from 6 to 12 weeks postoperatively, the goals are to (1) restore full range of motion and flexibility with joint mobilization, soft tissue work, and stretching in all planes; (2) increase strength, power, and endurance with exercises that stress core-based muscle synergy; and (3) advance eccentric and concentric scapular stabilization with the exercises outlined in the Appendix. To advance to the functional phase, the patient must have (1) full range of motion, (2) normal kinematics, and (3) approximately 75% of normal strength, power, and endurance.
Functional Phase
The functional phase usually begins approximately 3 months postoperatively. In this phase, it is wise to take advantage of the knowledge and skills of coaches and trainers in the development of sport-specific progressions. The goals are to (1) restore sport and/or work specific kinematics; (2) increase strength, power, and endurance to a functional level for the chosen activity of the patient; and (3) restore the required activity specific coordination, speed and quickness. During the functional progression, plyometric exercises, drills for quickness, agility and coordination, and conditioning exercises that are specific for the patient's chosen sport or activity are pursued. To advance from this phase, the patient must have (1) normal upper quarter kinematics within the context of the kinetic chain, (2) normal range of motion and flexibility for the chosen sport or activity, (3) approximately 90% strength, and (4) symptom-free activity or sport-specific drills.
